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Problems addressed here:

What is Rub & Buzz ?

What kinds of symptoms are generated by irregular
loudspeaker defects ?

Why do straightforward measurements fail in
detecting those defects ?

Do we need a measurement more sensitive than the
human ear ?

How to cope with ambient production noise ?

How to find the root cause and how to fix the
problem ?
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Desired and Undesired Components ?
Generation of Signal Distortion in an Audio System
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Input
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Regular linear

Desired Small . distortion
Signal Performance :
Nonlinear
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Desired Large vl distortion Noise
Signal Performance

| Unpredictable
Dynamics

\

Undesired Loudspeaker Defects
* Rubbing coils , buzzing parts

» Wire beat, coil bottoming

* Loose patrticles, air leak noise

« Parasitic vibration of other components

 ~

Excessive nonlinear
distortion
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Loudspeaker Defect: Buzz problem

. . Externally excited
Most defects behave as a nonlinear oscillator

* active above a critical amplitude mass_"
e new mode of vibration parasitic resonator Loose joint
» powered and synchronized by stimulus Spring§ (Nonlinearity)

e constant output power -

A vibration
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Loudspeaker Defect: Voice Coll Bottoming

Voice coll
Voice coll 4 Voice coll |
Voice¢ coll l
backplate backplate backplate backplate
distortion signal E@
< one period

v

Short impulse, deterministic symptom
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Loudspeaker Defect: Voice Coll Rubbing

» signal contains reproducible and
stochastic components

Voice coil

B

gap

2

'

Cause: rocking mode at 328 Hz

voice coil rubbing

distortion signal
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Loudspeaker Defect: Air Noise

cone

.. leakage
- stochastic signal gap .
« air pressure is changed by coil displacement dust cetp
* synchronized with stimulus — signal envelope

__— Air noise
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Loudspeaker Defect: Loose Particles

cone
a
* random process S

* impulsive dus} cap

* particles are _accele_ratec! by cone displacement Voice ®

* not synchronized with stimulus coil Lodse Particle
* constant output power former

/ I.\/ bouncing /

ouncing

time

distortion signal ]\ v
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Audibility and Impact on Sound Quality
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Searching for a Critical Stimulus
Audibility of Voice Coil Rubbing

Signal Stimulus Output Output Output
1V 2V 3V

Music

Multi-Tone

20 Hz — 20 kHz f@g c@’é E@" E@"

Multi-Tone

20 Hz — 1 kHz E(@g E@g E@g E@E—E

Sinussoidal Sweep

s N N e G

Most sensitive Stimulus
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L,/dB

Masking of Loudspeaker Defects
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* irregular distortion produce high frequency components
* no masking from fundamental component at low frequencies
» close to the hearing threshold
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Impact on Sound Quality

Amplitude modulation
(Envelope modulated by the bass signal 20...300 Hz)

High-Frequency components
(Increasing spectral power above 3 kHz)

Spectrogram and time signal of leak

noise
N

Increased Roughness

Signal spectrum of an intact and a defective speaker
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Increased Sharpness

Sensation: aggressive, unnatural, more noticeable

Degradation of

Sound Quality
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/How to assess the impact on sound quality?

3d Auralization Scheme

R Rg;esrtzrrlﬁe _XRN_} s \X_‘Ry - Pr StepS: . -
1. Generating a reference signal (by
osaing measurement or modelling)
(U u(t) 2. Synchronization and amplitude adjustment
AudioSource 3. Calculating the distoriton signal d;; as the
O > 1 ) [ ; +f'j Listenng difference b_etween test signal x; and
b | ¥t SR d'ge |PA reference signal x
DUT Sis 4. Mixing the scaled distortion signal to the
SEPARATOR MIXER reference Signal

P

» limited enhancement of linear distortion
« distortion may contain meausrement noise or
modeling error

no model required

reference signal can be generated by
measurement

simple approach

applicable to all kinds of distortion (including
rub &buzz)
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Regular and Irregular Nonlinear Distortion

3'd Auralization Scheme: Separation by Measured Reference Signal

_ amplitude
attenuation adjustment
-—— P 2amimiS
D o s .
NS N « Reference signal is the recorded
A u'(t; output of the DUT operated in the
s small signal domain
2nd Recording I ! + Test signal is the recorded output
IO—?;)U—;—»@Ad—»—%@« Pa of the DUT operated in the large
ouT T ds | Sy signal domain
SEPARATOR MIXER
PROS CONS
no modeling required Enhancement of measurement noise in
« distortion is free of measurement noise distortion
« considers irregular nonlinear distortion * Recording required
« applicable to electronics, transducer, * Measurement of DUT at the same position
complete audio systems « Thermal effects generate linear distortion

* Regular nonlinear distortion may mask
irregular distortion
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Auralization of Irregular Distortion (Rub & buzz)
Example 1 : Headphone, sinusoidal sweep as stimulus
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Example 2: Automotive Audio System

organ music in woofer channel, lrregular distortion

End-of-line testing Off-line
{ | Processing
q > Test with sweep for loudspeaker S Measurement
21 & defects and parasitic vibration results
q ,—> Recording of reproduced music > record_ed
stimulus if defect is detected wave-file
Door Buzzing l
Auralization +
Perceptive
Evaluation
reference
Spis =24 dB Spis=12 dB Spis=0dB Spis=-6dB Spis=-12 dB
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Sensations of Irregular Nonlinearities
while increasing the distortion signal

LJmproves bass

rated sound quality audibilty A sensation" |
— il 0 psychometric
10 = ,high 100% PR P function of
- S audibility
_________ \
\
75% \
\
\
\
\
5 = ,medium" 50% Yoo _ Kms®
distortion
| voice coil rubbing
O - ”IOW“ v I ;
audibilty distortion ratio
threshold
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/] Subjective and Objective Evaluation
In Loudspeaker Development

L= 4

v

. se 99
Objective ineer s ) Subjective 47
< @ W o ; T < > m

Evaluation SR . Evaluation Marketing
Management

4 Listening Test + Auralization

a

Perceptive Modeling

Sois
Physical Data o
* Distortion, Maximal Output = Aol 1y 0 (il
« Displacement, Temperature Perference,
- Evaluation of Design Choices » Defining target specification
— .
* Clues for Improvements * Tuning to the market

Performance/cost ratio
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Are loudspeaker defects are acceptable
which are inaudible for a human ear in a
production environment ?

NO !

« some loudspeaker defects become worse over time
(after break-in of the suspension)

» some loudspeaker defects generate random symptoms
(loose particles)

 the production noise masks the symptoms of the defect
(air leakage)

» the end user may use a more critical stimulus (low
frequency bass)

» Significant loss of sound quality if symptoms detected by
customer
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Consequences of Subjective Testing at
the Assembling Line

Need for trained operators more sensitive than the end
user

Avoiding fatigue of the human ears (regular breaks, low
SPL)

Operating the loudspeaker under similar condition as in
the final application (listening distance, amplitude, load)
Sufficient time for human inspection (flexible and long
cycle times)

Human testing is expensive, not reliable and highly subjective !
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Need for Objective Measurements

which

« are faster

e can be integrated in an automated line

« give reproducible, reliable results

e are more sensitive than the human ear

« are comparable with R&D, target performance
e are immune against ambient noise

« show the root cause of the defect

 are the basis for process control
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Basic Requirements to detect
Irregular Loudspeaker Defects

Generation Measurement of )
of Stimulus I|| \ @ ciate Variables | %] Anaysis  ——» Symptoms

e High displacement x and/or velocity v is required
- Stimulus with sufficient low frequency content

o Defects produce only acoustical symptoms

- Sensitive microphone required

o Defects produce high frequency components

- Low-pass filtered stimulus and high-pass filtered microphone
signal

e Defects are similar to ambient noise

- Microphone is located close to the source (near-field
measurement)
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Voice Coil Rubbing

multi-tone complex 20 Hz — 20 kHz

120

110

Fundamental 3V
100

90

Multitone Distortion
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; ] v ‘

)
S,
o
Stimulus: 3 \
a \'}
E@E a 60 V ‘
. he} |
- % ~
UO) 50 1
40
30 Noise Floor
20
10
10 2 10 3 10 4

Frequency [Hz]

Regular distortion masked higher-order harmonics
- Multi-tone distortion is not sensitive for coil rubbing and other defects
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Voice Coil Rubbing

Stimulus: sinusoidal sweep

130 -
0 Frequency Response’ ~/ ™

LLLLLLL

*THD measures the rms value

w e of all harmonics
1V *Regular distortion are
dominant

eDistortion of defects have not
much energy

f@ - THD is not sensitive for coill
rubbing and other irregular
2V
eeeeeeeee . defects !

140
0130

D)
5110
$100
[¢)]

Frequency Response

100

1000
Frequency [Hz] 10000
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Sound Pressure Level of Signal Components

Input Measured
Signal [ "] O Sigie!
Voltage at Linear System MQ_.@—»Q—» SPL at Mic
Terminals
\_, Regular 90 dB
Harmonics
50 dB
> lrregular
Harmonics
(Defects)
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L,/dB

Frequency Domain Analysis
60 Hz Tone reproduced by a good and bad speaker

100
80
60
40
20

-20
-40

60 -

fundamental

RUb&BuZ A r L;ak a
: \

High Pass Filtering l
1 3 N

required to suppress falled ’
fundamental and low order PR S| 1L Al Idﬂl

harmonics | . Passed
amblent ous |

100 10[](} 10000
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Simple Approach

exploiting amplitude of higher-order harmonics only

SPL 4 | + amplitude
i : spectrum
E higher order E
! harmonics '
i\ jequency
. Y ]
RMS value of
Higher-
harmonics

PROBLEMS:

« considering deterministic defects only

« each harmonic is close to the noise level

* insensitive to loose particles and air leakage noise
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SPL 4 + amplitude
E spectrum
1
higher order
harmonics .
i
1
L bdadidd
fiequency
i i
A 1 ]
360 R 4.
i ® i phase
‘ E spectrum
180 Lo ___ E ___________ .-
]
I. . 1
1 |
0 %o o,
%r_/
FFT!

"""""" peak-value -~~~

rms-value

time

RMS value Peak value
(MHD) (PHD)

- .

Crest factor

Time Domain Analysis

Solution = back to the time domain

—> exploiting amplitude and phase of
higher-harmonics and all non-harmonic
components

- peak value reveals small transients
(clicks)

- Sensitive for all loudspeaker defects

most loudspeaker defects generate symptoms with
high crest factor

but

regular loudspeaker distortions, electrical and
microphone noise have lower crest factor
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Peak value Contra rms-Value

Single tone with varying

frequency f (chirp)
High-pass
Sinusoidal . cut-off frequency f. > 10f High-pass filtered
Generator @E ; :
Amplifier  pyive - /‘ Distortion
; Microphone
Unit :
,{ O— » Trgifli}z:lg i r?tqel;?;(te(;r »o rms value
| 2 A (MHD)
[ E@E |
| } peak o
instantaneous frequency f detector pe?Fl’(HVS;ue

peak value (PHD)

rms value (MHD)

100 1000
Frequency [Hz]

10000

Peak value (PHD) is a sensitive
measure for most irregular defects
such as ,rub and buzz®, loose
particles !!
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0,01

0,02

0,03

Distortion Signal in the Time Domain

output of the high-pass filter f.=20f

Total sound pressure

LIPPEL

20N W
JARVARVAN ||

LD : distortion signal
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o * . .
* g . .
. . o
.. .. ¢
.
. .
. .
.b.... ......
4 ................................................................................ >

Period

Frequency [H1]

* Reqgular distortion have high energy
* Disturbances have low energy

* Disturbances are concentrated in time during a period
—> impulsive distortion (high crest factor)

—> Active compensation is useful
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Voice Coil Rubbing

Stimulus: sinusoidal sweep

zzzzzzzzz

wwwwwwwwwww
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Very Small Loose Particle

one grain of fine salt

S|nUSO|daI 130 WA N KLIPPEL
Stimulus S NA g
Response Max 1 r o
(0, 120 S E— T , — | T— \
- T —~ | o — ~Frequency Response ||
,_,110 """ Response Min =~
m
=)
ZfI.OO
5
4 90 PHD
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S J ‘ )
UO) 70 N 2 J f )ﬂm “ i
w MHD

Peak Value of high-pass

filtered distortion exceeds

limit by 10 dB !!

107 10° 104

Frequency [Hz]
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Crest factor of high-pass filtered distortion (CHD)

Stimulus: Sinusoidal sweep CHD(f) = PHD peak-value within one period

HD Rms-value averaged over one period

i: /l\ H rub & buzz, other disturbances |
28 Freen o 1 S i Besmmppes rosssmpes Sy e
o 1 N P v o 12 dB
> :/\ I / VH W : \ A regular d;\o/r\tiorq / / &
oo Y i v 9 n i

50 100 200 500
Frequency [Hz]

CHD can be interpreted on an absolute scale !
CHD expoits the phase information of all high frequency components
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Instantaneous crest factor of
high-pass filtered distortion ICHD(f,x)

ICHD -

good 12z bad

Instantaneous crest harmonic di:;tortion (ICHD)

A 4| KLIPFEL
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Frequency of sine sweep
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Loudspeaker Defect or Noise ?

dB

T 2

130

_____ Fund

Fundamental HWM ﬂ

PSS NN M V2% SN .. ol e

120

110

-

3rd |

IS not an
audibility

100

90

I

threshold
|

80

FaVi!

70

60

50

40 -

50

100

S \'\V"‘/

200 500 1k 2k

Frequency [Hz]

Symptoms of a significant defect:

1. Sufficient amplitude: peak value PHD > FUND,,.,, - 40dB

2. Impulsive: crest factor CHD > 12dB

}
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(microphone noise is not
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Characteristics for Diagnostics

Single-valued parameter derived from PHD and CHD

Batch of TRF measurements

6V

8V

10V

12V

y

voltage

intaneous crest harmonic distortion (ICHD)

I

e

Instantaneous crest harmonic distortion (ICHD)

Frequency 2]

| el

Instantaneous crest h:
4

0 100 200 500

o2
Frequency [Hz]

armonic distorfion (ICHD)

3] 4

20 50

Instantanetzl&‘c‘rés? f

100 200 500 k2
Frequency [Hz]

Areonic distortion (ICHD)

Fundamental + Harmonic distortion components (SHAPED STIMULUS)
Signal at IN1
=== Fundamental ====== THD === 2nd Harmonic === 3rd Harmonic
I Absolute PHD = === Fynd. mean (100 to 500 Hz) [N B PHD limit (-40dB)

130 g i H
: T 12V
120+
z \
110+
u e
jggof . i \{ U/\
S 80 f \,M-'i ""';'TL""' =
60 ; r’ N ¥ \N\—/
50 : "‘
10 20 50 100 200 500 1k 2 5k 10k
Frequency [Hz]
PHD > FUND,,., - 40dB
| high amplitude

_ Significant

44

— ‘-A MG
13 _E - N
1 TE 29 Ry

-
6 % . v
1 2 "amm
4 2%
-9 %
14 8 5]
EER
24 o
-29
20 100 200 500 1k 2k
Frequency [Hz]

" defect (R&B) Conditions:

Rms Voltage U,g, = 12V
Peak displacement X, g,= 4mm
Frequency f g, = 65 Hz

Inst. Displacement X;, g, = 3.8 mm

CHD > 12dB
impulsive
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Diagnostics on lrregular Defect (15t example)

Instantaneous crest harmonic distortion (ICHD) Instantaneous crest harmonic distortion (ICHD)
024 0,4 -
13 _F o014 13 __F 024
"o = "o =
7 - 7 -
3 E 00- 3 B 007
1 5 -1 E
5§ 014 508 024
RER RER
a7 % 2 A7 % g4
el -21
-2§ 2§
e 20 50 100 200 500 1k 2k e 20 50 100 200 500 1k 2k
Frequency [Hz] Frequency [Hz]
Instantaneous crest harmonic distortion (ICHD) Instantaneous crest harmonic distortion (ICHD)
0,4 - 0.4
13 _F 02+ 130 E 5a
11 = "=
T - 7 =
3 E 00 3 B 004 1
1 5 -1 E
5B 021 50§ 024
30 el 7 8 0y
- -21
_2§ RN TEES _25 -:-,a—l IIIII'IIH
s 20 100 200 500 1k 2k e 20 50 100 200 500 1k 2k
Frequency [Hz] Frequency [Hz]
Conditions:
* Positive peak displacement at 0.5 mm below f :
b P s Root Cause: Bottoming

« above a terminal voltage of 0.9 V

Klippel, Rub & Buzz and Other Irregular Loudspeaker Distortion, 43 <+ >



Diagnostics on Irregular Defect (2" example)

Instantaneous crest harmonic distortion (ICHD)

2.0
1,5
13 _F 10
1 = 054
7 ]
3 5 00+
-1 E
5 S .05
-0 E._
RERNE I
21 15
_2§
= 20 " H 100 200 500 1k 2k
Frequency [Hz]
Instantaneous crest harmonic distortion (ICHD)
3_
_ 2 LT
13 0 E 1k
= 14
n B N t\“
3§ oA  * N
-1 E
B o
9 “E'::._ -1+
_13 —
A7 O 24
-2
25 3
e 20 50 100 200 500 1k 2k
Frequency [HZ]
Conditions:

* Negative turning point of voice coil excursion above f,

» maximal acceleration - Tilting of voice coil former

« independent of displacement
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Instantaneous crest harmonic distortion (ICHD)

24

=
1

.,

Y
1

i
%]
1

20 = 100 200 500 1k 2k
Frequency [Hz]
Instantaneous crest harmonic distortion (ICHD)

L

N

20 50 100 200 BOOD 1k 2k
Freguency [Hz]

I:> Root Cause: Voice coil Rubbing
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Clues for Diagnostics of Defects

derived from ICHD(f,u) measured versus frequency f and voltage u

« Coil rubbing initiated by a tilting of the voice coil former occurs at maximal acceleration
corresponding with the positive and negative maxima of the displacement. This occurs
usually at frequencies above resonance where the acceleration is maximal while the
amplitude of the displacement decreases. When the voltage is increased the coil rubbing will
also occur at the turning points of the voice colil at higher displacement values.

* Buzzing part generates high ICHD for particular (reproducible) values of frequencies and
displacement because it behaves like a coupled nonlinear resonator. Above a critical voltage
when it starts this defect is almost independent on the peak displacement.

« Coil bottoming at the rear plate generates high ICHD at a clearly defined negative
displacement independent of frequency. Increasing the voltage of the excitation the maximal
negative displacement is constant but the loudspeaker generates a dc displacement shifting
the coil in the opposite direction.

« Limiting surround generates high ICHD at maximal positive or negative displacement
independent of the excitation frequency. The instantaneous displacement where ICHD > 12
dB raises by increasing the voltage because the suspension behaves not as a hard limiting
nonlinearity like coil bottoming.

+ Tensile slap generates a high value of ICHD at reproducible values of displacement and
frequency because the wire behaves as a coupled mechanical system having its own
vibration mode and natural frequency.

* Air leakage in a dust cap generates a high ICHD for frequencies below resonance f< fs
where the sound pressure of the enclosed air is high.

* Loose particles generate ICHD > 12 dB at random values of frequencies and instantaneous
displacement.
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Basic Classification of Loudspeaker Defects

L : : : _ Loose particle

Coil hitting Buzzing loose Rubbing Flow noise at air hittl?ng

backplate joint voice coil leak oy o
-’voicecoil <:>

t | i
l magnet
4 2 vibration
backplate

Deterministic

o T

Loose particle

Semi-
(mixed ch

Waveform is Envelope is :
completely reproducible Waveform is not
reproducible (Waveform is not) reproducible
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Exploiting all Symptoms of the Defect

SPL A fndamental

2nd Symptoms of

Regular defects
3rd distortion

NoISe |eve >
frequenc
“ T e

High-pass Filter
cut-off frequency f. > 10f

High-pass filtered  _ |

symptoms and noise | !
Comb Filter Inverse Comb Filter
SPL I l l
f I L, Lm
Ordern>10th ™™™ 7 ey
Deterministic part Random part
(higher-order harmonics) (non-harmonics)

Klippel, Rub & Buzz and Other Irregular Loudspeaker Distortion, 47 <+ >



Deterministic Distortion

Results of three measurements

Example: |
tensile slap, bottoming o

Symptoms: « W
e Reproducible, repeatable | | | | |
e Related with stimulus | " - * - | |
e impulsive distortion
120
e Deterministic amplitude and 100
phase of higher-order ha 80 | |
é&: ig high-pass
~ a0
0
-20
_ap | i i i i i
500 1000 1500 2000 2500 3000
f/Hz
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SPL

Defects Masked by Regular Nonlinearities

@ 5 Volt stimulus

@ 10 Volt stimulus

order > 10 SPL

order > 50
fundamental
fundamental
Regular Regular distortion
distortion Symptoms of
defects —
of defects
— Ty N
frequency Teguoncy

Where are the limits of a human tester ?

e Symptoms of some defects have almost constant energy

e Distortion of regular nonlinearities rise with amplitude

o Defects are masked (become inaudible at higher amplitudes)

e Increasing high-

pass frequency - less energy = noise problems
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Solution: Active Compensation

DUT

t
Stimulus j D b

Model

Isolated
Defect

Distortion
—pp| classificator

p'(t)

- Fail/Pass

MetaHearing Technology

Regular distortion are deterministic and predictable
Modeling of regular distortion (adaptive learning)

e Masking by regular distortion can be removed actively

—> active compensation
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SPL

Meta-Hearing Technology

@ 10 Volt stimulus

fundamental

Reguar |<——1:

. distortion

More energy can be used !

| residual: | .

w :}
....... "
frequency

Exploiting symptoms masked by regular distortion
Test of driver at maximal amplitude becomes possible
Detection of defects with low energy (loose particles)

Detect failures even if they are inaudible

(getting worse in final application)
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Benefits of Active Compensation

1o Without compensation 1w With meta-hearing technology
100 Limit 100
B e L ‘\\ dB N E— == regular
— T
80 /@I-a? \ B
70 . 70 Limit "
60 P H D N S - 60 Meta-hearing
\h
50 \M ------ 50 ’ TEiee®
40 Loose particle not de\fe?c/t/\éﬁ » PHD Loose particle detected
30 30 Meta-hearing
20 50 100 200 400 20 50 100 200 400
Frequency [Hz] Frequency [Hz]

- Simple definition of PASS / FAIL thresholds

- Measurement below the hearing threshold
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Semi-Random Distortion

Example:

Turbulent air noise generated at
leaks, coil rubbing

Symptoms:
« Distortion are NOT reproducible

« Distortion occur at particular
times

« Dense spectrum (cover audio
band and beyond)

p(t)/Pa

L,/dB

100
80 1
60

40

20

-20

\%I

0.005 0.01 0.015 0.02 0.025 0.03 0.035

high-pass

t/s

.................
L]
ol ]
*e
3

.w‘ W‘”’i\‘?ﬁf:’w s

100

fIHz

1000 10000
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Generation of Turbulent Air Distortion

Generation of Turbulent Noise

O | | o) - 5> bhO®

P § g \\ Y sound ﬁsure

qmod(t, rs)

pbox(t)

Linear System

u(t)

voltage

Nonlinear System
(Modulation Process)

Generation of High Volume velocity q(t)
Voltage = displacement = sound pressure = volume velocity

N _/
—~

Linear System
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Why Are Traditional Measurements
Not Sensitive for Air Leaks ?

eeeeeeeeeeeeee

M 2nd measurement

LLLLLLL

1st measurement A

I\

‘H '

M "‘MM!MIHIlHI»I“ i n’ifu..a.i

Averaged 120 times
o
/ \

\

Y
Deterministic

Noise is attenuated by averaging !

"l'll] |l] Mo
W// -/ wﬂ.‘.?ulln i
U f L ) V
: ~N G ~ _J

Deterministic

qqqqqqqqqqqq
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Envelope of the Modulated Noise

7 Air noise
)

Multiple realizations |
p “ 4l

= 41“ ““’l |
time
* Envelope of the modulated noise is deterministic
 Averaging of the envelope increases signal to noise ratio
Averaged Envelope
] time
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%%' How to Calculate the Envelope ?

Single tone
p(t) fundamental p(t)
P
"]y reautar A A
7 ~ >
time
Comb-Filter: frequency
I:’f
frequency time
Demodulation
PI’
Envelope p,()
frequency time
Comb-Filter
E
Envelope e(t)
Envelope
e(t) 11 | .
frequency time
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Absolute Modulation Level

Peak value of the

envelope e Shows the peak value of the envelope
MOD,,, =10lg emaxz e isin dB referred to the absolute hearing
2p, threshold p,
Absolute hearing threshald p, e good for PASS/FAIL decisions

deterministic components

f/ d tal R
50 un a[‘nen al . T ]
(%) Harmonics
45 Q)
ONYe @
w40 | 0.0 @ | | g
= Pul 1l . o I ® ? » 3
~J 5 TR AT [ y 10 4 o E
3 Al | ' ‘ I , d d W
30 | 11 il | | 1
25 1 1 Il Il 1 Il 1 1
0 100 200 300 400 500 600 700 800 0 0002 0.004 0.006 0.008 001 0012 0.014 0.016 0.018
SfHz t/s
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L,/dB

Relative Modulation Level

e Considers the ratio of deterministic and
Peak value of deterministic part random parts Of the envelope

MOD.,, =10 |g(el;ﬂgx

J Shows significant modulation (MOD,, > 0)
e IsindB
Rms value of random components o gOOd fOl' PASS/FA". dECiSiOI’IS

deterministic components

f/ d tal A

50 un a'men al T '
harmonics

45
40 8
35 3
‘ !MIHL ks °F
30 Random components
25 | | | | R I | i

0 100 200 300 400 500 600 700 0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018

fIHz t/s
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Combining Subjective and Objective Assessment

Stethoscope

~ Leak Noise
\ est .
micrdphone ambient \ DEtection
microphone
Loudspeaker | ... ﬂ
3 .
o [=] Q o g XJ ~ g o
T a0 e A@eu.@ Bl .
o o mplf r Speaker 1Speake 2 o gun ouT2 MIC1 LIN'El LINE2 MIC2 o o o)
- ? Objectives:
Firewire t | « Auralization of Irregular
Distortion
« Ear Protection
: « Signal Transformation
—-— L8 o - « Defect Localization
PC Power amplifier Auralization

« Diagnostics

\_/
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Localization of Loudspeaker Defects

v dB:Lab Pro 202.52 - QC

Froject Edk Ve Cperation  Extras  Window  Hep
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Seitings
Salao Leg
DebogLog

oonoao

IDoORROoon

-~

X K&

Legend

vl NGB Critical timit

Name

29.2 0.0 56.0 as > %

relative
Modulation

2.0 5.0 16.0 as

show signal charsetenstics [Laax Stethescop

\ 4

Good Bad

Value Floor Crit. limit Range qiax Unit Intensity 0
: o

Sl

(O =

febo  Tass | Lmits | Logn |

[ Ceond 1151 S1an
e

1L Zowral 1.5} Finsh

S ) i

cl

2 stimulus
Time 0.45
Frecpency = 1
Vatage (rms) 35

El Routing

Anvent Mosec,, Mcl
I

i

-

Zl Measurement
MoOUston v
CETesmin r
Parwdom B
Amberk *hase v
Locp messuram. .. ¥ -

Display mode : cisplay mode of Ml tracer
PR

et shiow rogt dgniicant of messare group
~sacyribe show dlmaiures sEparatey

B wedarstteh |
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A sensitive Measurement system Is
not sufficient !
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# Coping with Ambient Noise

Sound Pressure Level of Signal Components

voliage at . jpcar system 22098+ SPLatMic
- -t ~
Vd ~
y \
y \
/ Regular 9@ dB
l’ Nonlinearities \‘ 1
| k’———--—l Noise
| I Ve =P
I
\
\ —> Irregular ! 50 dB
\\ Defects y,
/
~ L
S o 7

~_ e =

Problems:
« Symptoms of defects are very small (but still audible)
« Ambient noise in a production environment has similar properties
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%% Solution: Ambient Noise Microphone

ambient
oiee Limits

Noise Limit Fail
Generator HZQ K) Te—st P otection @—P Check T Pass
DU

Microphone

auto-repeat

» Measure loudspeaker in the near field
» Measure noise / vibration in the far field
 Predict noise at test microphone
 Calculate impact on measured characteristics
« Store valid part of the measurement
* Repeat measurement automatically
—> Full noise immunity for random ambient noise
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H Merging Technique

repeating measurement automatically and accumulating valid parts

Ambient noise generated by permanent hand clapping

fxﬁ
‘ ‘

Sound Pressure [dB)

Sound Pressure [dB]

Sound Pressure [dB]

T erequency iz o
i
. \/h\_/\_ﬁ
P T~ 100%valid —— PASS
L o L e
; M%'“—«NMV—MM’,A _ _ _ )
: : . Full immunity against random noise
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Sound Quality in the Car Interior

db-Lab Pro 202 87 -QC 2 8¢

Ex Vew COperater

(%1

Frosect

[=]

o
et hr,ler, M
oo

Esrm Wndos M
- -

Progress in Data Acquisition

alid Part: 97%
Run: 1/ 5)

Name

Average Level 900 w29 LR
Delay 6,909
Distance 239.0

Doy skanal choracberistics { Sound

ambient noise source
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C:/daten/audiofiles/videos for demo/QC car/ni pass.wmv
../../../../audiofiles/videos for demo/QC car/ni pass.wmv

Simulation of Door Buzzing

 dB-Lab Pro 202.87 - QC 2.8¢

Project Edt View Operation BExtras Window Heb

[~ =) FohEw
g r‘"-“"“""“f*!‘:77';‘**«":7»%.":*’:\7“7T ] Chart 1 (QC - car: |, r, ke, 90dB) - O]
A (=] . - - 10X
@ car:l,r,l+r, 90dB Fumber of Runs: 1 & = = =
c 0 KLIPPEL
- Name Value Min Limit Max 1
Average Level 90.8 829 98.9
Delay 6.969 . 10 —~

Distance 239.0 -

show sianal characteristics { Sound \_ reliable d’etection

Pressure - left)

)
tamboufine % | (Sound prossue fot) | of the detect
: y 20uUnd_Pressure lel :
ocagx® 80 J “

Valid Part: 97% |3 =
0 oty (Run: 1/ 5) 3

Name Value Min Limit Max al
Average level 90.8 829 98.9
Delay 5.052 - 20

Distance 173.3 -

show signal characteristics ( Sound
Ry

X| | Chart 3 (QC - car: |, 1, l+r, 9048) - [

— —— =
"t THD et - THD Max nre- THD
gt - THD Mas ot ¢ gt - THD Mt + rigre - THD Maw

KLIPPEL

Frequency M2

Ruving .. &3 147 BF @ Messusrment A 2011-08-09 (3.0 M8)
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C:/daten/audiofiles/videos for demo/QC car/ni fail tambourine.wmv

How to fix the problem?
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Root Cause Analysis of Loudspeaker Defects

v0|ce coil

magnet
vibration
backplate —_—

Bottoming B Coil Rubbin [
uzzing g Air Leak Loose particle
Asymmetrical Glue dispenser massdistribution  Missing screw dirty storage condition
) on the cone
Suspension Problem
Design Supplier Qualtiy Inspection Manufacturing
of Incoming Parrts (Process Control)
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Automatic Learning from Manufacturing

Off-Line Statistics| | Off-Line Diagnostics

-~ Knowledge |,
Base
| \ 4 7'}
'On-L|n<'e
Diagnostics
&—» Measurement » Features ——>» Clustering
. P PASS/FAIL Tagging of the
Selection |« Detection Defect
v v v
N .| Prototype i
" "| Selection "
Prototypes Human
PASS FAIL yp inspection

1st step: Automatic clustering of the raw data

2nd step: Prototype selection (best representative of the cluster)
3rd step: Human inspection and tagging of the defect

4th step:  Updating the knowledge base for on-line diagnostics
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Clustering of the DUTs

In the Feature Space

Clustering is a statistical
process of separating
devices under test (DUTS)
into subgroups wherein
all members of one
cluster have similar
properties but are very -
different to the members S(gztgﬁlcrgy
of other clusters. 3

Feature1 (R,)

_________
e S
- N

~

Prototype

(mean value)

____-___
- ~~
‘
3
T
‘

Results of the formal cluster analysis:
» Total number of defect classes
» Devices representing each class
« Properties of the good units
« Significant features
« Related or similar defects

l Feature 2 (f)

~
S m————m

= Volume
(deviation)
4

tagging
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Clustering

Raw Measurement Data (300 DUTS) Results of the Clustering

Sound Pressure [dB]

Sound Pressure [dB]

Frequency Response Frequency Response
Curve Bulk 1:GOOD (SD) 2:LowSPL (SD) 3:not connected (SD)
120 4:highTHD @ 1.5kHz (SD) 5:lower fs (SD) 6: not connected (SD)
KLIPPEL 7:Rub+Buzz (SD)
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4:highTHD @ 1.5 kHz (SD) 5: lower fs (SD) 6: not connected (SD)
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ot e N Coil ruldbing
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: U] -

E A NN N 70§

T RO TS T

L \W | - gy

TR T m

Fi 4 / - 55-H
il S U7 <
5] WEARDAR TV (A = Surround

= A\ 7 y. A / 3 H
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ot R " 13| Not Connected
255 — 5
20k ‘ ‘ ‘ ‘ ‘ 20-H

10? 10° 10 10°

Frequency [Hz] Frequency [Hz]
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Automatic Classification of Defects

1st source: theoretical
knowledge in engineering
(static)

Automatic
End-of-Line Testing

Expertise

Feature
"| Extraction

Off-Line Diagnostics

Measurement

Qa

Selection |«

X

PASS FAIL

Limits | Knowledge
Base |
~——————————p{ Learning |«
Fuzzy 1
"| Classification
h 4
PASS/FAIL
> . Measurement
Detection
Defect
Class
—> 3
Defective unit . Humgn
inspection

2nd source: practical
experience in
manufacturing
(dynamic)
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Irregular Loudspeaker Distortion

Summary

are related with loudspeaker defects

not found in approved prototypes, golden reference unit
are caused by manufacturing, overload, ambient conditions
are not directly related to cost, size, weight

are difficult to model and not predictable

depend on the operation condition (e.g. orientation + loose
particles)

are time variant (aging) and usually become worse over time
generate impulsive distortion with high crest factor but low energy
are inacceptable if detected by customer
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Conclusions

Defective loudspeakers with irregular distortion should not be
shipped to the customer even if the symptoms are inaudible

Sensitive Measurement techniques are required more
sensitive than the ear of the customer

Time domain analysis is required to consider transient
properties of the symptoms

Reliable measurements require automatic detection of invalid
tests corrupted by ambient noise in a production environment

Production limits depend on the target application

The human operator works on the diagnostic station and
provides information for the knowledge base

Automatic defect classification shows the root cause of the
defect

Process control ensures high yield rate in production
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Many thanks !
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